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stations 
Abstract 
Predicting how both spatial and temporal variation in sea and air temperature influence the distribution of 
intertidal organisms is a pressing issue. We used data from satellites, weather stations and in situ loggers 
to test the hypothesis that satellite-derived sea surface temperatures (SSTs) and weather station air 
temperatures provide accurate estimates of ambient temperature variability on rocky intertidal shores for 
temporal (hourly for 1 yr) and spatial (10 m to 400 km) variation along the southeast coast of Australia. 
We also tested whether satellites and weather stations accurately detect the duration, frequency and 
number of extreme temperature events. Daily mean satellite SSTs and weather station air temperatures 
were significantly and strongly correlated with intertidal water and air temperatures, respectively (water: 
r2 = 0.62, air: r2 = 0.63). Nevertheless, depending on location, daily satellite SSTs were up to 6.7°C, and on 
average 1°C, higher than in situ water temperatures, while daily maximum air temperatures measured by 
weather stations were up to 23.2°C, and on average 4.2°C, lower than in situ air temperatures. At all 
locations, the frequency, duration and number of days greater than 30°C, as well as rates of temperature 
change, were all significantly lower when measured by weather stations. These differences suggest that 
satellite SSTs and weather stations are ineffective at capturing extremes in intertidal water and air 
temperature variability. We reinforce the argument that in situ measurements that focus on biologically 
relevant variation are the only legitimate means of predicting the effects of temperature change on 
intertidal taxa. © Inter-Research 2011. 
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 2008 2009 Annual 
Winter 
(June – Aug) 
Spring 
(Sept – Nov) 
Summer 
(Dec – Feb) 
Autumn 

















Air Temperatures           
Daily mean           
Garie Beach 15.4±1.8  18.2±2.8  22.3±2.7  20.4±2.5  19.1±3.6  
Kiama 14.6±1.8  17.8±2.5  21.7±2.4  20.3±2.4  18.6±3.5  
Bermagui 13.0±2.0  15.9±2.6  20.2±2.3  19.0±2.6  17.0±3.7  
Mallacoota 11.6±1.9  15.8±3.7        
Daily maxima           
Garie Beach 18.6±3.0 30.3 24.4±7.8 45.5 29.4±7.7 50.8 25.9±6.8 47.9 24.5±7.7 50.8 
Kiama 19.1±2.9 28.7 25.1±6.4 40.1 27.8±5.5 42.0 25.3±5.4 42.3 24.3±6.1 42.3 
Bermagui 16.8±3.1 27.9 20.4±4.9 32.5 24.2±4.4 37.0 22.6±3.5 32.6 21.0±4.9 37.0 
Mallacoota 16.3±3.6 29.4 23.8±7.1 40.8       
Daily minima           
Garie Beach 12.3±2.6 7.6 14.5±2.2 8.2 18.0±1.4 14.1 17.0±2.5 10.4 15.4±3.2 7.6 
Kiama 10.2±2.6 5.3 13.2±2.5 7.1 17.7±1.6 14.2 16.7±2.7 9.5 14.4±3.8 5.3 
Bermagui 10.0±2.5 5.5 12.5±2.6 6.2 17.2±1.9 12.5 16.1±2.9 8.8 13.9±3.8 5.5 
Mallacoota 8.4±2.1 3.8 10.6±2.7 5.8       
Water Temperatures           
Daily mean           
Garie Beach 16.8±1.5  16.7±1.3  20.2±1.5  20.9±1.5  18.6±2.4  
Kiama 16.9±2.1  16.3±1.4  19.5±1.5  21.4±2.0  18.7±2.8  
Bermagui 15.1±1.2  16.1±1.2  19.2±1.1  19.4±1.1  17.4±2.2  
Mallacoota 13.8±0.9  15.7±1.4        
Daily maxima           
Garie Beach 17.5±1.8 23.1 17.3±1.4 21.1 20.9±1.6 25.3 21.7±1.9 29.6 19.4±2.6 29.6 
Kiama 17.9±2.4 22.6 17.1±1.6 22.5 20.1±1.6 27.0 22.4±2.4 29.6 19.5±2.9 29.6 
Bermagui 15.2±1.2 17.5 16.3±1.2 19.4 19.5±1.1 21.5 19.6±1.1 21.8 17.6±2.3 21.8 
Mallacoota 13.9±1.0 15.9 15.9±1.6 18.7       
Daily minima           
Garie Beach 16.2±1.6 13.5 16.2±1.4 12.7 19.4±1.6 16.1 20.3±1.4 17.2 18.1±2.4 12.7 
Kiama 16.0±2.1 11.2 15.4±1.9 10.3 18.8±1.7 15.1 20.5±2.0 13.6 17.8±2.8 10.3 
Bermagui 14.9±1.3 13.3 15.9±1.3 13.5 18.8±1.2 14.1 19.1±1.2 16.6 17.2±2.2 13.3 







Source df SS F p 
Air Temps     
Daily mean     
Location 2 2.65 85.01 <0.0001 
Season 3 23.28 497.91 <0.0001 
Location*Season 6 0.24 2.59 0.0170 
Error 1068 16.65   
Post-hoc comparison of locations 
GARIE BEACH>KIAMA>BERMAGUI 
Post-hoc comparison of seasons 
SUMMER 08/09>AUTUMN 09> SPRING 08> WINTER 08 
     
Daily max     
Location 2 4.57 55.20 <0.0001 
Season 3 20.92 168.28 <0.0001 
Location*Season 6 0.35 1.40 0.2108 
Error 1068 44.25   
Post-hoc comparison of locations 
KIAMA&GARIE BEACH>BERMAGUI 
Post-hoc comparison of seasons 
SUMMER 08/09>AUTUMN 09>SPRING 08> WINTER 08 
 
Daily min     
Location 2 2.35 40.17 <0.0001 
Season 3 38.39 433.42 <0.0001 
Location*Season 6 0.96 5.46 <0.0001 
Error 1068 31.21  
Post-hoc comparison of locations 
GARIE BEACH>KIAMA>BERMAGUI 
Post-hoc comparison of seasons 
SUMMER 08/09>AUTUMN 08>SPRING 08>WINTER 08 
  
Water Temps     
Daily mean     
Location 2 0.66 53.17 <0.0001 
Season 3 9.89 442.87 <0.0001 
Location*Season 6 0.29 7.09 <0.0001 
Error 805 4.97  
Post-hoc comparison of locations 
GARIE BEACH & KIAMA>BERMAGUI 
Post-hoc comparison of seasons
AUTUMN 09>SUMMER 08/09 >SPRING 08 & WINTER 08 
     
Daily max     
Location 2 1.40 99.29 <0.0001 
Season 3 7.73 364.93 <0.0001 
Location*Season 6 0.35 8.36 <0.0001 
Error 805 5.69   
Post-hoc comparison of locations
GARIE BEACH & KIAMA>BERMAGUI 
Post-hoc comparison of seasons 
AUTUMN 09>SUMMER 08/09>SPRING 08 & WINTER 08
     
Daily min     
Location 2 0.21 13.88 <0.0001 
Season 3 8.55 368.83 <0.0001 
Location*Season 6 0.23 4.88 <0.0001 
Error 805 6.22   
Post-hoc comparison of locations 
GARIE BEACH&KIAMA>BERMAGUI 
Post-hoc comparison of seasons 
















correlation (r) Mean Max 
Daily means 
Garie Beach 363 1.03 4.98 13.55 <0.001 0.64* 
Kiama 266 0.81 6.67 6.75 <0.001 0.50* 
Bermagui 341 0.64 6.24 10.07 <0.001 0.77* 
Mallacoota 147 0.04 3.20 0.40 0.655 0.58* 
Monthly means      
Garie Beach 12 1.19 1.80 10.95 <0.001 0.97* 
Kiama 12 1.05 2.68 3.61 0.004 0.80* 
Bermagui 12 0.59 1.28 5.50 <0.001 0.98* 
Mallacoota 6 0.20 1.31 0.59 0.578 0.63* 
Monthly maxima 
Garie Beach 12 0.49 1.90 1.73 0.110 0.89* 
Kiama 12 0.05 4.44 0.08 0.941 0.55** 
Bermagui 12 0.78 2.20 4.44 0.001 0.93* 
Mallacoota 6 0.06 1.90 1.06 0.919 0.41 
Monthly minima 
Garie Beach 12 0.63 3.15 1.94 0.077 0.68* 
Kiama 12 1.29 6.03 2.51 0.027 0.53* 
Bermagui 12 1.02 2.72 2.68 0.020 0.52** 


















correlation (r) Mean Max 
Daily means       
Garie Beach 416 1.02 9.56 7.84 <0.0001 0.60* 
Kiama 416 1.47 7.44 13.69 <0.0001 0.62* 
Bermagui 410 0.08 19.20 0.73 0.4671 0.60* 
Mallacoota 228 1.53 7.71 12.41 <0.0001 0.69* 
Daily maximum       
Garie Beach 416 2.98 23.19 10.34 <0.0001 0.39* 
Kiama 416 4.23 18.77 16.70 <0.0001 0.27* 
Bermagui 410 2.59 21.00 12.46 <0.0001 0.26* 
Mallacoota 228 3.90 18.17 12.82 <0.0001 0.49* 
Daily minimum      
Garie Beach 416 0.73 10.32 5.02 <0.0001 0.54* 
Kiama 416 0.10 7.42 1.11 0.2688 0.73* 
Bermagui 410 1.50 18.40 12.53 <0.0001 0.61* 












Number of days max temp  Duration  
(hours spent above 30°C) 
Frequency  
(average time between 30°C events* 
- hours ±SD) >35°C >30°C 
Garie Beach     
    In situ data logger 29 44 111 42.8±55.7 
    Weather station 2 19 105 86.3±99.6 
     
Kiama     
    In situ data logger 15 44 95 43.2±45.9 
    Weather station 1 6 24  255±206.6 
    
Bermagui     
    In situ data logger 3 17 29 123.1±105 
    Weather station 0 1 3 - 
















 Number of days when temperature increased by more than 
 15°C within 4 hrs 10°C within 3 hrs 5°C within 3 hrs 
Garie Beach    
    In situ data logger 24 40 62 
    Weather station and satellite* 2 15 45 
    
Kiama  
    In situ data logger 10 34 74 
    Weather station and satellite* 1 5 12 
  
Bermagui    
    In situ data logger 5 16 50 
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Fig. 5. Daily air temperatures from in situ loggers within the mid intertidal zone and weather station temperatures at each of the 4 study locations from 16 
April 2008 to 6 June 2009 (Mallacoota data only till 10 December 2008). Note different scales on y‐axis. 
 
